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rZBSTRACT 
CHENGLU LIN. L W A I  W.&G. SHIYANG ZHU, 
The fabrication of Ti, CO and Fe silicides on SIMOX materials have been investigated 
These multilayer structures have been synthesized by different method respectively. The 
physical properties and microstructure have been investigated The experimental results show 
that TiSi2 with a low sheet resistance of 4 5WZ, can be formed on the thin Nm SIMOX An 
epitaxial CoSi2 film has been obtained on SIhlOX by a solid phase reaction of CoRi with Si 
overlayer of SIMOX Semiconducting B-FeSi2 film has bee 
phase epitaxy. 
INTRODUCTION 
Silicon-On-Insulator (SOI) structures have received considerable attentions for fbture 
advanced large-scale integrated circuit (VLSI) applications in recent years[’. Particularly 
ShfOX (Separation by Mplantation of Oxygen) has become available to fabricate 
commercial devices. The advantages of SIMOX are of good crystalline quality, good 
electrical properties and the possibility to form very thin SO1 layers With the decreasing sizes 
of VLSI devices, the resistance of interconnects becomes a limiting factor in circuit speed 
The resistance of the shallow source and drain region also degrades the resistors performance. 
Silicides are commonly used materials for interconnects and contacts of integrated circuits 
due to their low resistance, high stability and compatibility with VLSI technology As a result, 
silicide on SO1 must be an important aspect for developing VLSI circuits based on SO1 
technology 
Compared to polycqstalline silicide films, epitaxial silicide films have better stability 
and an abrupt interface wth silicon In additio 
FeSi2 with a direct bandgap 
these maienals, eg .  to devel 
detector based on P-FeSi2 vith 
grown on SIMOX by dflerent methods respectively. 
microstructure of these silicides have been investigated 
EXPERIMENTAL 
tch or to seek a 
In this paper, TiSi2, single crystal 
The physical properties and the 
(0- 7803- 3062- 5 )  
249 
The starting material \%as a SO1 substrate formed using SIMOX technology in which p- 
type (100) oriented Si wafer a a s  implanted with 1 Sxl0ls cm-2 oxygen ions at 200keV at an 
elevated temperature of about 600°C followed by a 1300”C, 6 hours annealing in nitrogen 
atmosphere. 
Ti silicide on SIMOX 
By using thermal oxidation and etching to thin the silicon overlayer. different thickness 
of silicon overlayer of SIMOX was obtained. The SIMOX samples with different 
thicknesses were implanted with 1xlO1%m2 .As+ at IOOkeV and annealed at 900°C for 
30min Following chemical cleaning, the wafers were immediately loaded into an oil-free 
electron beam evaporation system. A Ti film of 40nm was deposited on SIMOX samples at a 
rate of 2ndsec with the vacuum held below 2x torr All samples were rapid thermally 
annealed at 1 lOOoC for 30 sec in a rf graphite heater using Ar as protecting gas 
CO silicide on SIMOX 
After a standard chemical cleaning procedure and a HF solution dip, the SIMOX were 
immediately loaded into a multihnctional sputtering system About 20nm of Ti and 36nm of 
CO were sequentially deposited by ion beam sputtering with the Ti as the first layer 
Subsequently, a 15nm cap of TiN was deposited by reactive magnetron sputtering to prevent 
contamination of the Coni  layers. The vacuum system had a base pressure of 4x 1 0-7 torr. 
and the vacuum was not broken until the deposition of TiN/Co/Ti multilayer was finished 
Thermal treatment of all our samples was carried out in a hologen lamp heating system in a 
nitrogen ambient using a multi-step anneal schedule, which started at a low temperature of 
550°C for 2 An followed by an intermediate anneal at 700°C for 5 min and a final high 
temperature anneal at 1000°C for 2 min with a ramp time of 5min from 800 to 1000°C. 
b-FeSi2 on SIMOX 
After cleaning with standard IC procedure, SIMOX wafers were transferred into UMS 
500P ultrahigh vacuum evaporator. The base pressure was Pa. and the working 
pressure was 10” Pa. Before evaporation, the wafer was heated to 8OOcC to decompose the 
native oxide. High punty iron (99.99%) was evaporated by electron beam. The deposit rate 
was 0.5ndsec and the iron thickness was 30nm. During the deposition. the substrate was 
maintained at 500°C. Subsequent heat treatments were performed on a .4r ambient which 
resulted in the formation of P-FeSi2 on SIMOX. Similar procedure was taken out on a Si 
wafer for comparison. 
The samples of Ti. CO and Fe silicides on SIMOX were anal!zed by Ruitherford 
backscattering spectroscopy and channeling (RBS/C) with 2.0MeV He-. X-ray diffraction. 
four points probe and automatic spreading resistance (ASR) measurements, secondary ion 
mass spectrometer (SIMS), cross-sectional transmission electron microscope (XTEM) and 
Raman spectra measurements with SPEX1403 RAMAN spectrometer excited by a 4SSnm 
line of Art laser. 
RESULTS AND DISCUSSION 
Ti silicide on SIMOX 
The RBS/C measurements of SIMOX samples indicated thar the different thicknesses of 
the silicon overlayer are 2 7 7 ~  191nm, 133nq respectively. The minimum channeling yield 
xmln at the surface region of the SIMOX materials is 3-5%, which indicated that the high 
quality silicon overlayer can be obtained. The TVSIMOX sample with a Ti film of 40nm 
thickness deposited on SMOX was implanted with 1x1016/cm2 As+ at 1OOkeV. After rapid 
thermal annealing at 1100°C for 30 sec, the height of the Ti signal and the step of leading 
edge indicate the formation of the compound TiSi2 after RTA from RBS characterization. 
However, the As atoms in the silicon overlayer of the SIMOX remain in a Gaussian-shaped 
profile after diffusional redistribution. The sheet resistance of the TiSi2 film is 4.5WO. 
The depth profiles of resistivity and camer concentration on the different TiSi2 samples 
were measured using .4SR. It is found that the electrical properties of the samples can be 
divided into various region. TiSi2 layer with low resistivity, the silicon overlayer with high 
carrier concentration ( >I  O2o/m3), the Si02 insulating layer with high resistivity and the 
silicon substrate. The 
thicknesses of remained silicon overlayer after TiSi2 formation for various SIMOX samples 
are different. The thickness of remained silicon overlayer for the thinnest SIMOX sample is 
about 52nm. 
SIMS profiles of Ti and As for Ti 
deposited samples before and afler TiSi2 
As a result, a structure of TiSi2/n+-Si/SiO2/Si can be obtained. 
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I formation are shown in Fig.1. Before the 
formation of TiSi2, the As depth distribution 
I in silicon overlayer has essentially a 
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Gaussian shape. M e r  the TiSi2 formation, 
the As distribution in TiSi2 tends to uniform, 
however, the As distribution in remained 
silicon overlayer is dependent on the 
thic.hess of the silicon overlayer. For the 
thinnest SIMOX sample, for example, the 
SIMOX sample with 143nm thickness of the 
silicon overlayer, an anomalous distribution 
of As in the remaining silicon overlayer can 
be observed. There is a As peak at the 
Si/SiO2 interface. The As pileup at the 
interface is due to As diffusion 
after annealing at 1 looDC for 30 sec; (c) 400A where there are many defects and dangling 
Ti/ 1430A Si (As)/SidF/Si after annealing at so the dopant pileup at the interface 
of silicon overlayer and buried oxide during 1 100°C for 30 sec. 
silicide formation is a special problem in 
SIMOX device technology 
XTEM analysis of the TiSi2'SIMOX showed that the microstructure of the sample 
consists of four distinct regons, the Ti silicide, the silicon overlayer, the buried oxide and 
silicon substrate. The Ti silicide has a polycrystalline phase with the grain size of about 
200nm. The interface between the Ti silicide and Si overlayer is rough. 
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Fig.1 SIMS profile of As (solid line) and Ti 
(dashed line) for smox (a) 4ooA Til duing ~ i ~ i ~  formation and 
1910A si (As)/Si02/Si- (b) the Same as (a) dopant trapping at the Si/Si02 interface, 
CO silicide on SIMOX 
The RBS spectrum from the as-deposited TiN/Co/Ti layer on SIMOX substrate 
indicated that there are two peaks around channel 184 and 192 corresponding to Ti and TIN 
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layers respectively They are separated in the energy scale because CO layer in located 
between these two films. A RBS spectrum measurement from the sample after the multistep 
annealing shows that the CO atoms have diffused through the Ti layer to react with 
underlying Si to form a CoSi2 film on the silicon overlayer of the SIMOX wafer During the 
reaction, almost half of the silicon overlayer has been consumed. The Ti initially between the 
CO and Si has moved to the surface region to form Ti nitride mixed with Ti oxide The sheet 
resistance decrease to the minimum value of 1 9 n l Z  due to the low resistivity of epitaxial 
CoSi2 film 
In order to investigate 
the epitaxial quality of CoSi2 
film by RBS/C measurements, 
the Ti containing layers above 
the CoSi2 were removed by 
selective etching with a 
H2SO4 H202 solution which 
does not affect Cosh .  Fig 2 
shows the RBS random and 
channeling spectra after 
removal of the top Ti- 
containing layers Remarkable 
good channeling is observed in 
the CoSi2 film with a minimum 
yield of 30% Although this 
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value is higher than that of 
CoSiq formed on bulk single 
crystalline Si by a similar 
Fig2 RBS/C characterization of epitaxial CoSiz on 
SIMOX after removal of Ti-contained top layers. 
method, it is low for epitaxial 
Cosh  growth on Si(100) overlayer of a SlMOX substrate by a solid phase reaction. The 
initial Ti layer between the CO and Si layers has played the significant role in reducing the 
residual oxide on the silicon surface and in providing an uniform supply of slow diffusing CO 
atoms, thus promoting the epitaxial growth of CoSi2. The thickness of CoSi2 film was 
calculated to be approximately 120nm from RBS spectrum in Fig. 2 
XTEM micrograph of the final structure after annealing shows that a smooth interface 
existed between the CoSi2 and the underlying Si layer. No grain boundaxy is observed in the 
CoSi2 layer, indicating that the epitaxial CoSi2 is a single crystal or consists of large grains 
The HREM observation further confirm the high crystal quality of the epitaxial CoSi2 layer, 
showing that the CoSi2/SIMOX interface is sharp and coherent. 
Fe silicide on SIMOX 
Due to the B-FeSi2 layer on SIMOX is too thin, the phase of the FeSi2 can not be 
directly identified by X-ray diffraction However, from the XRD analysis of the thick Fe/Si 
film on Si( 100) prepared with the same procedure, we can make sure that the P-FeSi2 phase 
has indeed formed on SIMOX and was in the state of polycrystalline 
Fe, Si diffusion properties have been checked by RBS. Comparing the RBS spectrum 
before and after annealing the consumption of Si overlayer can be easily observed A special 
attention should be paid to the diffusion of Fe into deep layer. This may require more 
investigation to optimize the synthesis procedure. An automatic . 
measurement was performed on the sample, and the multilayei- 
demonstrated. 
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To characterize the as-deposited film before and after annealing, Raman spectra were 
measured on the both sample Before annealing, few peaks can be seen, but the Raman line 
related with Si r5+ mode vias detected After annealing the main peaks related with the 
single phonon process of P-FeSi? such as 174 cm-1, 198 / 202 cm-I and 248 cm-lappear 
The broadening of Raman line is suggested due to the small crystallite size 
CONCLUSION 
1 The uniform Tis12 layers with lo\\ resistance of 4 0-4 5WS can be formed on the thin film 
SIMOX materials with a high peak concentration 2 ~ 1 0 ~ ~ 1 c m ~  A structure of TiSi2/n+- 
Si/SiO2/Si can be obtained The SMS profiles of the As indicated a relatively homogeneous 
redistribution of As in the TiSi2 layer and As pileup at the SiiSi02 interface is noticeable 
when the Si overlayer after the TiSi2 formatim is less than 52nm 
2 By taking advantage of the ability of interfacial Ti to reduce the residual oxide on a Si 
surface, an e p i t a d  CoSi2 film has been obtained on the SIMOX wafer by the solid phase 
reaction of Coni  with the Si overlayer About one half of Si overlayer has been consumed to 
form epitaxlal CoSi2 film, which has a sharp, flat interface with the remaining Si layer The x 
3 A thin layer of P-FeSi2 has been successfiilly formed on SIMOX by solid phase epitaxy 
RBS has revealed the diffusion of iron into deep layer Multilayer structure has been detected 
from ASR measurement The broadening of Raman line of the P-FeSi2 film on SIMOX 
indicate the crystallite size is very small 
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